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Abstract  Based on the data from 117 holes (9151 samples) and the research on ecol-
ogy and palaeoecology of Foraminifera combined with that on Ostracoda, diatoms, pollen and 
spores, eight marine transgressions have been recognized in the great plain regions through 
the Quaternary sequences and two marine transgressions have been found since the Late 
Pleistocene in the coastal plain (bedrock coast) areas. In the North China Plain, these are in 
ascending order: the Bohai transgression in the Early Pleistocene, the Haixing and Huanghua 
transgressions in the Middle Pleistocene, the Baiyangdian and Cangzhou transgressions in 
the Late Pleistocene, and the Tianjin transgression in the Holocene. In the Yangtze River Delta 
region the Rugao and Zhoupu transgressions occurred in the Early Pleistocene, the Shang-
hai, Jiading, and Wangdian transgressions in the Middle Pleistocene, the Jiangyin and Ge 
Hu transgressions in the Late Pleistocene, and the Zhenjiang transgression in the Holocene. 
In the coastal plain (bedrock coast) areas of North China, the Cangzhou transgression was 
recorded in the Late Pleistocene and the Tianjin transgression in the Holocene, whereas in 
South China the Fuzhou transgression took place in the Late Pleistocene and the Changle 
transgression in the Holocene. The transgressions correspond to warm periods and regres-
sions to cold periods. The younger transgressions were not only of shorter duration, but also of 
larger magnitude. These findings point to the existence of four flood event strata since the Mid-
dle Pleistocene: two in the late Middle Pleistocene and another two in the Late Pleistocene. 
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1 Introduction *
The study area includes Liaoning, Hebei, Shandong, 
Jiangsu, Zhejiang, Fujian, Taiwan, Guangdong, Guangxi, 
Hainan, Beijing, Tianjin, Shanghai, the Bohai Sea, the 
Yellow Sea, the East China Sea, and the South China Sea. 
The total area covers approximately 6.25 million square 
kilometers (2.65 million square kilometers on land, 3.60 
million square kilometers in the sea). This area supports 
about 430 million people (Fig. 1). 
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The coastal areas include three climatic zones: the tem‑
perate zone, the subtropical zone, and the tropical zone. The 
Quaternary strata in the coastal regions of East China are 
marked by both marine facies sediments and alternating fa‑
cies of marine and non‑marine sediments. The marine sedi‑
ments are characterized by large numbers of Foraminifera. 
Based on our data from 117 holes (ca. 300-600 m deep 
in the great plain regions; ca. 30-50 m in the coastal areas; 
9151 samples) that were drilled by the Ministry of Land 
and Resources from 1964 to 2011, and research on the 
ecology and palaeoecology of Foraminifera combined with 
that on Ostracoda, diatoms, pollen and spores, it has been 
possible to establish the sequence of marine transgres‑
sions, and to estimate the palaeoclimatic changes during the 
Palaeogeography
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Quaternary period in the eastern part of China (Fig. 2). 
The most detailed study area is the Yangtze River delta 
region, where eight marine transgressions and eight cli‑
matic fluctuations took place during the Quaternary period 
(Fig. 3).
During the Quaternary, as a result of global climatic 
changes that caused ice sheets and smaller glaciers to 
wax and wane around the world, sea level fluctuations 
took place. Such oscillations are reflected in alternating 
sequences of marine and freshwater sediments. The ma‑
rine horizons are referred to as marine transgressive strata 
(MTS) (including transitional facies sediments). 
The marine transgressions record global sea level rise. 
The fluctuating climate, the waxing and waning of the ice 
sheets, and the marine transgressions all represent aspects 
of the same event, although a certain time lag is involved. 
Other geological factors, such as local land subsidence 
or regional downwarping, could cause seawater to inun‑
date the land and deposit marine sediments and we refer to 
them as marine infill strata. Although marine transgressive 
strata are the result of a higher eustatic sea level, marine 
infill strata are caused by a lowering of the land. While 
both result in a marine stratum, they are entirely different 
in origin. 
In this work, based on palaeoecological and palaeo‑
climatic considerations, the six Quaternary marine strata 
in the Palaeo‑Bohai Sea region, eight in the Palaeo‑East 
China Sea region, and two in the Palaeo‑South China Sea 
region are interpreted as marine transgressive strata, rather 
than marine infill strata. 
The continental shelf of China seems to be the best 
place to investigate sea level changes, because it revealed 
relative tectonic stability during the Quaternary. 
Based on the distribution of marine transgressive strata 
in time and space, the marine transgression region in Chi‑
na can be subdivided into two regions: (a) The great plain 
region; (b) The coastal plain region (bedrock coast).
There are eight marine transgressive strata in the great 
plain region and two marine transgressive strata in the 
coastal plain region (bedrock coast). 
There are two key sequences of marine transgression, 
one in the Yangtze River Delta Plain and another in the 
North China Plain. 
2 Great plain region
There are three great plains in eastern China along the 
Chinese coast, the Liaohe River Delta Plain, the North 
Fig. 1 Geographic distribution of the study area in eastern China 
(after Jingxing, 1996)
1-Liaoning; 2-Tianjin; 3-Hebei; 4-Shandong; 5-Jiangsu; 6-Zhejiang; 
7-Fujian; 8-Taiwan; 9-Guangdong; 10-Guangxi; 11-Hainan; 12-Bohai 
Sea; 13-Yellow Sea; 14-East China Sea; 15-South China Sea
Fig. 2 Location of the key drill holes
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China Plain, and the Yangtze River Delta Plain. The Qua‑
ternary marine transgressive strata are best developed in 
the Yangtze River Delta Plain. 
2.1 Liaohe River Delta Plain
Three marine transgressions have been distinguished 
in the Liaohe River Delta Plain since the Late Pleisto‑
cene. These are, in ascending order, the Baiyangdian and 
Cangzhou transgressions (MTS3 (Marine Transgressive 
Stratum) and MTS2) in the Late Pleistocene; the Tianjin 
transgression (MTS1) in the Holocene (Lin, 1977; Gu 
and Wang, 1987). All these events were accompanied by 
the appearance of the Ammonia tepida fauna of the Pal‑
aeo‑Bohai Sea since the Late Pleistocene (Lin, 1983).
Baiyangdian transgression (MTS3)
As the Late Pleistocene approached, the climate warmed 
up, the sea level rose and caused a marine transgression 
which is called the Baiyangdian transgression in this area.
The marine sediments deposited during the marine 
transgression are dark grey, greyish green medium‑fine 
sand with silty clay. The lower boundary of the sediments 
lies at a depth of about 160 m, and the thickness of the 
marine transgression stratum is about 60 m. The major 
species of Foraminifera include Ammonia sp., A. beccarii/
tepida Group, Elphidium magellanicum. According to the 
palaeoecological characteristics of the whole assemblage, 
it represents a warm to temperate shallow water fauna, as‑
cribed to the innermost neritic zone. 
During the Baiyangdian transgression, the Palaeo‑Bo‑
hai Sea progressed as far as about 20 km northward from 
the present coastline. 
Subsequently the climate became cold, causing the sea 
level to fall and the shoreline to regress. 
Cangzhou transgression (MTS2) 
In the middle of the Late Pleistocene, the climate be‑
came warm again, which resulted in another marine trans‑
gression named the Cangzhou transgression. 
Major sediments of the Cangzhou transgression con‑
sist of dark grey, grey silty clay and medium‑fine sand. 
The lower boundary of the marine transgression lies at a 
depth of about 80 m and the top at a depth of about 44 m. 
The main species of Foraminifera are Elphidium magel-
lanicum, Ammonia spp., and Nonion spp.. The nature of 
this fauna is the same as in the Baiyangdian transgression, 
therefore by analogy, the palaeoenvironment is considered 
to be identical. 
The scale of marine transgression is almost the same as 
in the Baiyangdian transgression. 
Following the Cangzhou transgression the climate once 
more became cold, and the sea gradually withdrew from 
this area. 
Tianjin transgression (MTS1) 
During the Holocene Tianjin transgression, the prevail‑
ing sediments are dark grey to grey silt, and silty clay. The 
lower boundary lies at a depth of about 20 m. This marine 
transgressive stratum is of wide lateral extent and of uni‑
form thickness.
The author’s own research in 1977, has shown that it 
contains abundant Foraminifera and Ostracoda in terms of 
quantity and species. The major benthic foraminifers are 
Ammonia beccarii/tepida Group, Nonion spp., Cribron-
onion spp., Protelphidium spp., Elphidium spp., Rosalina
sp., and Quinqueloculina spp.. The most abundant marine 
Ostracoda are Sinocythere sinensis, Neomonoceratina sp., 
Aurila sp., Leptocythere ventriclivosa, Bosquetina sp., and 
Tanella opima. According to the palaeoecological analysis 
both the Foraminifera and the marine Ostracoda demon‑
strate that the depth of the water varied mainly between 
0-10 m, with a maximum of 20 m. The sediments were 
therefore laid down in an inner neritic environment. 
During the Tianjin transgression, the sea reached as far 
inland as ca. 75 km from the present coast line (Fig. 4). 
2.2 North China Plain
The North China Plain occupies an area of about 
300,000 km2. 
From the evidence in the Quaternary sediments, six 
marine transgressions were discovered in the North China 
Plain. These are, in ascending order, the Bohai transgres‑
sion (MTS6) in the Early Pleistocene; the Haixing trans‑
gression (MTS5) and the Huanghua transgression (MTS4) 
in the Middle Pleistocene; the Baiyangdian transgression 
(MTS3) and the Cangzhou transgression (MTS2) in the 
Late Pleistocene; and the Tianjin transgression (MTS1) in 
the Holocene (Lin, 1977, 1991). The type section is the 
HB1 drill hole in Huanghua County, Hebei Province, with 
a paratype section HB2 drill hole, Nanpi County, Hebei 
Province. 
Bohai transgression (MTS6) 
The Bohai transgression (Lin, 1977) is the earliest Qua‑
ternary marine transgression in this area. The major sedi‑
ments are grey green or yellow green silty clay. The lower 
boundary of the marine transgressive unit lies at a depth of 
about 290 m and the top at about 270 m. In the type section 
of the Bohai transgression in the HB1 drill hole, in Huang‑
hua County, Hebei Province, numerous Foraminifera were 
found in the upper part of the Lower Pleistocene. The Am-
monia tepida fauna of the Palaeo‑Bohai Sea appeared for 
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the first time in this area (Lin, 1983), the main species in‑
cluding Ammonia sp., Massilina quadrans, and Rosalina
sp.. Several marine Ostracoda such as Leptocythere sp. 
and Cytheromorpha sp. were also found. Taken as a whole, 
the assemblage of foraminifers and ostracodes suggests a 
warm to temperate inner neritic zone with a water depth 
ranging from 0-10 m. 
During this period the western limit of the marine trans‑
gression extended roughly along a line joining Wuqing 
and Lijin (Fig. 3). The Bohai transgression has not yet 
been precisely dated. According to palaeomagnetic stud‑
ies, the Bohai transgression took place between 1.7 Ma 
and 1.55 Ma (Qian, 1984). 
Following the Bohai transgression, as the climate be‑
came colder, sea level fell, and the marine water receded 
from this area. 
Haixing transgression (MTS5) 
As the Middle Pleistocene approached, the climate 
again became warm in this area. Another marine transgres‑
sion called the Haixing transgression (Lin, 1977) resulted 
from the sea‑level rise bringing with it the Ammonia tepida
fauna of the Palaeo‑Bohai Sea (Lin, 1983). 
The main sediments deposited during the Haixing trans‑
gression are yellow or greyish yellow silty clay. The lower 
boundary of the sediments lies at a depth of about 215 m, 
and the thickness of the marine transgressive stratum is 
about 30 m. At a depth of 215-185 m in the type section 
of Haixing transgression, in the HB1 drill hole, Huanghua 
County, Hebei Province, a number of Foraminifera and 
marine Ostracoda have been discovered. The foraminifers 
are Spiroloculina communis, Ammonia sp., A. annectens, 
and Quinqueloculina sp.; the marine ostracodes are rep‑
resented by Cytheromorpha sp., Leptocythere sp., and 
Neocyprideis sp.. As mentioned above, S. communis is a 
warm‑temperate, shallow‑water species, and A. annectens
is also a shallow‑water species. Although Ammonia and 
Quinqueloculina are found in a wide range of depths, most 
of them are shallow‑water species. The three genera of 
ostracodes inhabit the innermost neritic zone. Based on a 
palaeoecological analysis of the whole biota, one can con‑
clude that it belonged to a warm to temperate shallow‑wa‑
ter biota, confined to the littoral zone, about 0-10 m deep. 
Fig. 4 Tianjin transgression (MTS1) during the Holocene in the Liaohe River Delta Plain and in the Liaodong Peninsula Coastal Plain 
of North China (according to our data; Gu and Wang, 1987)
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During this marine incursion, the western limit of the 
Haixing transgression is the same as the Bohai transgres‑
sion (Fig. 5). The Haixing transgression has not been 
closely dated. 
After the Haixing transgression, the climate gradually 
became colder, the sea level fell, and the sea water finally 
withdrew from this area. 
Huanghua transgression (MTS4) 
In the middle of the Middle Pleistocene, the climate 
again underwent an amelioration accompanied by the 
Huanghua transgression (Lin, 1977). The Ammonia tepida 
fauna of the Palaeo‑Bohai Sea returned to this area once 
more (Lin, 1983). 
The main sediments of the Huanghua transgression are 
greyish‑green or grey silty clay. The lower boundary of the 
marine transgressive stratum lies at a depth of about 167 m 
and the upper limit at a depth of about 130 m. Numerous 
Foraminifera and marine Ostracoda have been found in this 
marine transgressive stratum. The foraminifers are repre‑
sented by Ammonia beccarii/tepida Group, A. annectens, 
Nonion sp., Spirillina minima, Rosalina sp., Protelphidium
sp., Quinqueloculina sp. and the marine ostracodes by Neo-
monoceratina sp., Leptocythere sp., Cytheromorpha sp. and 
Neocyprideis sp.. From the above evidence the fauna may be 
classified as belonging to a warm‑temperate, shallow‑water 
biota. Therefore, it suggests that the sea was about 0-10 m 
deep during this marine transgression, indicating an inner 
neritic environment. 
During the Huanghua transgression, the sea invaded the 
land as far west as in the Haixing transgression (Fig. 5). 
The Huanghua transgression has not been precisely dated 
until now. 
After the Huanghua transgression, the climate deterio‑
rated, causing the sea level to fall and the shoreline to re‑
gress. 
Baiyangdian transgression (MTS3) 
At the beginning of the Late Pleistocene, the climate 
abruptly warmed up, and sea level rose rapidly, causing the 
Biayangdian transgression (Lin, 1977). 
The sediments consist largely of greyish yellow silty 
clay. There was a dark clay layer at the bottom about 
1-3  m in thickness. The lower boundary occurs at a depth 
of about 64 m, while the top is encountered at about 44 m. 
By this period, which represents the peak of the Ammonia 
tepida fauna of the Palaeo‑Bohai Sea development (Lin, 
1983), all genera and species appeared, and were moreo‑
ver highly abundant. The typical indicators of warm water, 
such as Asterorotalia pulchella and Pseudorotalia schro‑
eteriana appeared for the first time in this area and the ma‑
jor species Ammonia beccarii/tepida Group etc. accounted 
for over 60% of the total, demonstrating distinctly that this 
fauna occupied the inner neritic zone. 
The western limit of the Baiyangdian transgression 
reached as far inland as Tangshan, Baiyangdian, Jiaohe 
and Guangrao (Fig. 6). The beginning of the Baiyangdi‑
an transgression may be the same as the Jiangyin trans‑
gression (MTS3) in the Yangtze River Delta region, i.e.
100,000 a B.P.. 
Following the Baiyangdian transgression the climate 
became colder, the mean temperature was probably some 
6℃ lower than at present and the sea retreated from this 
area. 
Cangzhou transgression (MTS2)
Toward the middle of the Late Pleistocene, the climate 
abruptly warmed up once more, and the sea level rose 
sharply, resulting in another marine transgression which 
was called the Cangzhou transgression (Lin, 1977). 
The dominant sediments of the Cangzhou transgression 
consist of grey or yellowish grey silt, silty clay, or clay, 
with a peat and dark clay layer about 1 m thickness at the 
bottom. The lower boundary of the marine transgression 
lies at a depth of about 35 m and the top at a depth of about 
30 m. The Ammonia tepida fauna of the Palaeo‑Bohai sea 
was still well developed (Lin, 1983) and the typical warm 
water species Pseudorotalia species Group also occurred, 
while other indicators of warm water such as Asterorota-
lia species Group disappeared from this area at that time. 
Other members of this fauna, such as Ammonia beccarii/
tepida Group and Nonion spp. are very abundant, although 
less than during the Baiyangdian transgression. Based on 
a palaeoecological interpretation of the foraminifers, the 
water depth of the sea must have been below 10 m, indicat‑
ing the inner neritic zone. 
The extension of the Cangzhou transgression was more 
limited than the Baiyangdian transgression. The western 
limit of the Cangzhou transgression lies roughly along the 
line from Leting, Tianjin, Baxian, Hejian, and Lijin (Fig. 
7). The age of the Cangzhou transgression was estimated 
at more than 32, 000 a B.P., and is probably the same as 
the Ge Hu transgression (MTS2) in the Yangtze River Delta 
region, dated 40, 000 a B.P. (Lin et al., 1989). 
After the Cangzhou transgression, the climate rapidly 
became colder, and the mean temperature was some 6 ℃
lower than at present. The sea level probably dropped to 
the lowest level during this time, with the coastline being 
shifted as far as the shelf margin (Fig. 7). 
Tianjin transgression (MTS1) 
At the end of the last glacial period, the climate started to 
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Fig. 6 Baiyangdian transgression (III) during the Late Pleisto‑
cene in the North China Plain (according to our data; Chen and 
Ni, 1987). 
Fig. 5 Transgressions during the Early Pleistocene in the North 
China Plain (according to our data; Chen and Ni, 1987). IV-
Huanghua transgression; V-Haixing transgression during the 
Middle Pleistocene; and VI-Bohai transgression 
warm up again, the sea level rose rapidly, causing the Holo‑
cene Tianjin transgression (Lin, 1977) in the Palaeo‑Bohai 
Sea region which probably began around 10,000 a B.P.. 
The main sediment in this latest marine transgression, 
is greyish yellow silty clay. There is a very thin peat or 
dark clay layer about 10-30 cm thickness at the bottom. 
The lower boundary lies at a depth of about 20 m. The 
Tianjin transgression represents the peak of abundance 
and number of species of foraminiferal fauna, expressed 
by the Ammonia tepida fauna of the Palaeo‑Bohai Sea 
(Lin, 1983). The typical indicators of warm water, the spe‑
cies group Asterorotalia spp. and Pseudorotalia spp. disap‑
peared from this area. Other major taxa such as Ammonia 
beccarii/tepida Group and Pseudononionella variabilis/
Stomoloculina multacula Group were still present. This 
demonstrates that the depth of water varied little, i.e. the 
seabed was rather flat with a depth ranging from 0-10 m, 
with a maximum of 20 m. The area covered by the Tianjin 
transgression is almost same as at the Cangzhou transgres‑
sion (Fig. 8).
2.3  Yangtze River Delta Plain 
The region of the Yangtze River Delta Plain (including 
Jiangsu Province, Zhejiang Province, and Shanghai City) 
covers an area of 42, 245 km2. 
In the course of this research, eight marine transgres‑
sions have been recognized from evidence in the Quater‑
nary sediments (Fig. 3). These are, in ascending order: the 
Rugao and Zhoupe transgressions (MTS8 and MTS7) in 
the Early Pleistocene; the Shanghai, Jiading, and Wangdian 
transgressions (MTS6, MTS5, and MTS4) in the Middle 
Pleistocene; the Jiangyin and Ge Hu transgressions (MTS3 
and MTS2) in the Late Pleistocene; and the Zhenjiang 
transgression (MTS1) in the Holocene (Lin et al., 1989). 
The Rectoelphidiella, Florilus and Globigerina fauna of 
the Palaeo‑East China Sea appeared and disappeared eight 
times in this area during the Quaternary (Lin, 1983). 
Rugao transgression (MTS8) 
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The Rugao transgression (Lin et al., 1989) is the earliest 
recognized Quaternary marine transgression in this area. 
The main sediments are grey, medium to fine sand and me‑
dium to coarse sand with gravel. The lower boundary of the 
marine transgressive unit lies at a depth of about 230 m and 
the top lies at about 220 m. In the type section of the Rugao 
transgression at the Bekan drill hole in Rugao County, Ji‑
angsu Province (Y10 core, Fig. 9), numerous Foraminifera 
were discovered at a depth of 222 m in the basal part of the 
Lower Pleistocene. In all, nine genera and eleven species 
were recognized (Epistominella naraensis, Cribrononion 
sp., C. incertum, Elphidium nakanokawaense, Ammonia 
beccarii/tepida Group, A. convexidosa, Florilus sp., Fis-
surina sp., Lagena sp., Brizalina sp., and Globigerina
sp.). At a depth of 222.5-229 m in a drill hole in Qidong 
County, Jiangsu Province (Y9 core, Fig. 9), some Ammo-
nia beccarii/tepida Group and A. convexidosa were also 
found. Among the Foraminifera, the Ammonia beccarii/
tepida Group is dominant. These foraminifers are typi‑
cally shallow‑water forms. Ammonia convexidosa is also 
a shallow‑water species, with an ecological niche similar to 
the former. Taken as a whole, the foraminiferal assemblage 
belongs to a shallow‑water fauna. It falls into the transition‑
al zone between littoral and estuarine facies (Fig. 3).
During this period the western limit of the marine 
transgression was reached in the sea near Bencha, Rugao, 
Baipu, and Qidong County in northern Jiangsu Province 
(Fig. 9). The Rugao transgression has not yet been pre‑
cisely dated. According to palaeomagnetic data studied by 
Xu (1985), the Rugao transgression probably began about 
2.1 Ma ago. 
Following the Rugao transgression, as the climate be‑
came progressively colder, sea level fell gradually and the 
marine water slowly retreated from this area. 
Zhoupu transgression (MTS7) 
After the cool to temperate period of the Rugao trans‑
gression, the climate again became warmer and the sea 
level rose, resulting in a second marine transgression 
which is called the Zhoupu transgression (Lin et al., 1989).
Sediments of the Zhoupu transgression consist of grey 
medium‑fine sand and sand with gravel. The lower bound‑
ary lies at a depth of about 180 m, and the sediments are 
Fig. 8 Tianjin transgression (I) during the Holocene in the 
North China Plain (according to our data; Chen and Ni, 1987).
Fig. 7 Cangzhou transgression (II) during the Late Pleistocene in 
the North China Plain (according to our data; Chen and Ni, 1987). 
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about 10 m thick. At the type section, in the Hengmian drill 
hole at Zhoupu in southeastern Shanghai (Y8 core, Fig. 
10), foraminifers have been discovered at 172.5-177.5 
m in the younger part of the Early Pleistocene section, 
(e.g., Ammonia beccarii/tepida Group and Epistominella
naraensis). Based on the palaeoecological interpretation 
of the whole assemblage, it represents a fauna from the 
transitional facies between the littoral and estuarine zones 
(Fig. 3). 
During the Zhoupu transgression, the palaeo‑East Chi‑
na Sea reached as far as the area around Zhoupu and Nan‑
hui Counties, southeastern Shanghai (Fig. 10). From pal‑
aeomagnetic data the Zhoupu transgression is estimated to 
have begun about 1.2 Ma ago (Xu, 1985). 
Subsequently, the climate turned cold, causing the sea 
level to fall and the shoreline to regress from this area. 
Shanghai trangression (MTS6) 
As the Middle Pleistocene approached, the climate 
again became warm in this area. A more extensive marine 
transgression, which was called the Shanghai transgres‑
sion (Lin et al., 1989), resulted from the sea level rise. 
The main sediments deposited during the Shanghai 
transgression are greyish‑yellow, medium‑fine sand and 
medium‑coarse sand with gravel. The lower boundary of 
the sediments lies at a depth of about 150 m, and the thick‑
ness of the marine transgressive stratum is about 15-20 m. 
The type section of the Shanghai transgression is in Nan‑
hui County, Shanghai City (Y4 core, Fig. 11). At a depth 
of 125-145 m in the Nanhui drill hole, a rich foraminiferal 
assemblage from the early part of the Middle Pleistocene 
has been discovered. The benthic Foraminifera account for 
35 species and 20 genera of which the Ammonia beccarii/
tepida Group, Pseudononionella variabilis, and Nonion
spp. are the most abundant elements. The planktonic Fo‑
raminifera are represented by three species and two gen‑
era, i.e., Globigerina bulloides, G. falconensis, and Neo-
globoquadrina pachyderma. As already mentioned, the 
Ammonia beccarii/tepida Group is a shallow‑water group, 
while Pseudononionella variabilis is a typical species of 
brackish shallow water (Lin, 1983). Although Nonion are 
found under a wide range of depths, most are shallow‑wa‑
ter species. Planktonic Foraminifera are only encountered 
in small numbers. Based on a palaeoecological analysis of 
the whole foraminiferal assemblage, one can conclude that 
it belonged to a shallow‑water foraminiferal fauna, con‑
fined to the littoral zone, about 0-10 m deep (Fig. 3). 
During this marine incursion, the palaeo‑East China Sea 
covered the entire area of Shanghai City, thus we call it the 
Shanghai transgression. The western limit of the Shanghai 
transgression extends roughly along a line joining Haian, 
Nantong, Jiading, and Shanghai (Fig. 11). On the basis of 
palaeomagnetic data this marine transgression is calculated 
to have begun about 730,000 a ago (Xu, 1985). 
After the Shanghai transgression, the climate gradually 
became colder, sea level fell, and the sea finally withdrew 
from the area. 
Fig. 9 Rugao transgression (VIII) during the Early Pleistocene 
in the Yangtze River Delta Plain in China
Fig. 10 Zhoupu transgression (VII) during the Early Pleisto‑
cene in the Yangtze River Delta Plain in China
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Jiading transgression (MTS5) 
In the middle of the Middle Pleistocene, the climate 
again underwent an amelioration that resulted in the Jiad‑
ing transgression (Lin et al., 1989). 
The main sediments of the Jiading transgression are 
grey silt, and fine to medium‑coarse sand with gravel. The 
lower boundary of the marine transgressive stratum lies at 
a depth of about 120 m and the upper limit at about 104 
m. The type section of the Jiading transgression is in Nan‑
hui County, Shanghai city (Y4 core, Fig. 12). Abundant 
foraminiferal fossils have been discovered at 104-113 m 
in the Nanhui drill hole. In all, 34 species and 19 genera 
are represented. The Ammonia beccarii/tepida Group, A.
globosa, and Elphidiella kiangsuensis constitute the most 
abundant elements. Planktonic Foraminifera are represent‑
ed by Globigerina bulloides, G. falconensis, and Neoglo-
boquadrina pachyderma. Some coccolith fossils have also 
been found. Because the planktonic foraminifers are rare 
and include very few species, they cannot be used for en‑
vironmental interpretation. However, the palaeoecological 
characteristics of the benthic Foraminifera suggest deposi‑
tion in shallow water in the littoral zone, about 0-10 m 
deep (Fig. 3). Apparently, the water was deeper than dur‑
ing the Shanghai transgression, because the typical shal‑
low brackish‑water species Pseudononionella variabilis 
was less common at this time. 
During the Jiading transgression the palaeo‑East China 
Sea covered the area of Shanghai City completely, and 
reached about as far as Jiading, Songjiang, and Jinshan 
(Fig. 12). This marine transgression was less extensive 
than the Shanghai transgression. Based on palaeomagnetic 
data, the transgression has been inferred to have begun 
about 300,000 a ago (Xu, 1985). 
Following the Jiading transgression, the climate once 
more became cool, and the sea gradually withdrew from 
the area.
Wangdian transgression (MTS4) 
A warming toward the end of the Middle Pleistocene 
was contemporaneous with another marine transgression 
which was called the Wangdian transgression (Lin et al., 
1989). 
During the Wangdian transgression, the main sedi‑
ments were dark‑grey fine sand. The lower boundary lies 
at a depth of about 90 m, while the upper limit is found at 
about 80 m. The location of the type section is in Wang‑
dian, Zhejiang Province (Y3 core, Fig. 13), with a paratype 
section in Ganyan, Jinshan County, Zhejiang Province (Y1 
core, Fig. 13). The foraminiferal fossils in the Wangdian 
transgression are extremely rich and are represented by 
about 200 species. The typical warm water Asterorotalia
species Group appeared for the first time in this area. Ben‑
thic foraminifers are very abundant, with Ammonia bec-
carii/tepida Group, Nonion akitaense/depressulum Group, 
Elphidium magellanicum, and Florilus decorus being 
dominant. The major planktonic Foraminifera are Glo-
bigerina bulloides, G. falconensis, and Neogloboquadrina
pachyderma. Judging from foraminiferal abundance, the 
shallow‑water species account for 10%-80% and the deep 
Fig. 11 Shanghai transgression (VI) during the Middle Pleisto‑
cene in the Yangtze River Delta Plain in China
Fig. 12 Jiading transgression (V) during the Middle Pleisto‑
cene in the Yangtze River Delta Plain in China 
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water species, the continental shelf species, such as La-
gena spp., Uvigerina spp., and planktonic foraminifers en‑
compass 5%-10% of the total in the Wangdian transgres‑
sion interval. The foraminiferal assemblage suggests that 
the sea was about 0-30 m deep during the transgression, 
indicating an upper to middle neritic environment. 
During the Wangdian transgression the sea invaded the 
land as far west as Taizhou, Jingjiang, Changshu, Wujiang, 
Jiaxing, Wangdian, and Haiyan (Fig. 13). The start of the 
Wangdian transgression is dated on palaeomagnetic evi‑
dence at about 180,000 a ago (Xu, 1985). 
After the Wangdian transgression, the climate deterio‑
rated, sea level fell once more, and the sea withdrew from 
this area. 
Jiangyin transgression (MTS3) 
At the beginning of the Late Pleistocene, the climate 
ameliorated, and sea level rose during the Jiangyin trans‑
gression (Lin et al., 1989). 
Sediments deposited during the Jiangyin transgression 
consist largely of grey silt and fine sand. The lower bound‑
ary occurs at a depth of about 68 m, while the top is en‑
countered at about 52 m depth. The type section of the Ji‑
angyin transgression is located in Ganyan, Jiashan County, 
Zhejiang Province (Y1 core, Fig. 14). The foraminifers in 
the Jiangyin transgression are more abundant than during 
the preceding Wangdian transgression interval, in terms 
of both quantity and number of species. This transgres‑
sion represents the acme of the Rectoelphidiella, Florilus
and Globigerina fauna of the palaeo‑East China Sea (Lin, 
1983). More than 8,000 foraminifers are found per 50 g of 
dry sample, and the species number reaches more than 200 
in this marine transgressive stratum. The typical indicators 
of warm water, such as Asterorotalia species Group and 
Pseudorotalia species Group occurred in this sea. Astero-
rotalia pulchella, accounts for 6% of the total in the south‑
ern part of the Yangtze River Delta (Hangjiahu Plain), 
suggesting that the water temperature was about 2 ℃-3℃
higher than at present (Lin, 1986). The Ammonia beccarii/
tepida Group, Nonion akitanense/depressulum Group, and 
Florilus decorus are the most abundant benthic Foraminif‑
era, whereas the main planktonic Foraminifera are Glo-
bigerina bulloides, G. falconensis, and Neogloboquadrina 
pachyderma. The shallow‑water species account for 10%-
60% and deep‑water species, i.e. the continental shelf spe‑
cies, encompass 0%-20% of the total. Based on an eco‑
logical analysis of the foraminiferal fauna, the water depth 
at that time must have been slightly more than during the 
Wangdian transgression, although still in the upper‑middle 
neritic zone, about 0-30 m deep (Fig. 3). 
The western limit of the Jiangyin transgression reached 
as far as Taizhou, Jiangyin, Changshu, Tongxiang, and Xie‑
qiao (Fig. 14). Palaeomagnetic data suggest that the trans‑
gression began about 100,000 a B.P. (Xu, 1985). 
Following the Jiangyin transgression the climate be‑
came cool, and the sea retreated. 
Ge Hu transgression (MTS2) 
Towards the middle of the Late Pleistocene the climate 
ameliorated, resulting in another marine transgression 
Fig. 14 Jiangyin transgression (III) during the Late Pleisto‑
cene in the Yangtze River Delta Plain in China
Fig. 13 Wangdian transgression (IV) during the Middle Pleisto‑
cene in the Yangtze River Delta Plain in China
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which is called the Ge Hu transgression (Lin et al., 1989). 
Major sediments of the Ge Hu transgression consist of 
grey silt and fine sand. The lower boundary of the marine 
transgression lies at a depth of about 40 m and the top at a 
depth of about 30 m. The type section of the Ge Hu trans‑
gression is in Ganyan, Jiashan County, Zhejiang Province 
(Y1 core, Fig. 15). The Foraminifera of the Gehu trans‑
gressive period are very abundant, although less than those 
of the Jiangyin transgression. The typical warm water spe‑
cies, Asterorotalia species Group and Cellanthus species 
Group still occur in this area. The main benthic elements 
are Ammonia beccarii/tepida Group, Nonion akitaense/
depressulum Group, Elphidium magellanicum, and Pseu-
dononionella variabilis/Stomoloculina multacula Group, 
while the dominant Planktonic Foraminifera are Glo-
bigerina bulloides, G. falconensis, and Neogloboquadria 
pachyderma. Along with the continental shelf species, 
such as Lagena spp., Uvigerina spp., and the planktonic 
foraminifers account for 10% and the shallow‑water spe‑
cies for 30%-80% of the total. Based on a palaeoecological 
interpretation of the foraminifers, the sea must have been 
between 0-20 m deep, i.e., belonging to the upper neritic 
zone (Fig. 3). 
The Ge Hu transgression was smaller in scale than the 
subsequent Holocene Zhenjiang transgression, which was 
the largest Quaternary marine transgression. Its western 
limit lies roughly along the line from Jintan, Gehu, Yixing 
to Huzhou (Fig. 15). The Ge Hu transgression is estimated 
to have begun about 40,000 a B.P. (Lin et al., 1989). 
After the Ge Hu transgression, the climate became 
cooler, the mean temperature being some 6 ℃ lower than 
at present. Relative sea level probably reached an all‑time 
low. The continental shelf of the palaeo‑East China Sea 
became a large emergent plain, with many lakes and 
marshes. 
Zhenjiang transgression (MTS1) 
Ten thousand years ago, following a climatic warming, 
the sea level rose again. This Holocene marine incursion is 
called the Zhenjiang transgression (Lin et al., 1989). 
The Zhenjiang transgression was the last Quaternary 
marine transgression in this area. The major sediments are 
grey silty clay, silt, and fine sand. The lower boundary lies 
at a depth of about 20 m. The type section is in Ganyan, 
Jiashan County, Zhejiang Province (Y1 core, Fig. 16), and 
the paratype section is in Gaoqiao, Shanghai City (Y7 
core, Fig. 16). Strata of the Zhenjiang transgression are 
widespread and of uniform thickness. 
The Zhenjiang transgression represents the peak of 
abundance and number of species of foraminifers. More 
than 8,000 foraminifers are found per 50 g of dry sample, 
and there are about 200 species in this marine transgressive 
stratum. The typical indicators of warm water, the Astero-
rotalia species Group, Pseudorotalia species Group, and 
Cellanthus species Group disappeared from this area. The 
major benthic species are Ammonia beccarii/tepida Group, 
Ninion akitaense/depressulum Group, Cribrononion incer-
tum, and Pseudononionella variabilis/Stomoloculina mul-
tacula Group, while the most abundant planktonic elements 
are Globigerina bulloides, G. falconensis, and Neoglobo-
quadrina pachyderma. Littoral and upper neritic foramini‑
fers account for 57% of the total assemblage, while the 
continental shelf species, such as Lagena spp., Uvigerina
spp., and planktonic Foraminifera, occur only in very small 
numbers. A palaeoecological analysis of the foraminifers 
demonstrates that the depth of water varied little, i.e., the 
seabed was rather flat, with a depth of about 0-10 m, maxi‑
mum of 20 m. The sediments were therefore laid down in a 
littoral and upper neritic environment (Fig. 3). 
During the Zhenjiang transgression, the sea reached as 
far inland as Zhenjiang, Danyang, Liyang, and Hangzhou 
(Figs. 16, 17). 
3 Coastal plain region (bedrock coast)
There are many long, narrow seaboard plains along 
the Chinese coast. One or two marine transgressions 
have been recognized from these areas since the Late 
Pleistocene. 
Fig. 15 Ge Hu transgression (II) during the Late Pleistocene 
in the Yangtze River Delta Plain in China
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3.1 Liaodong Peninsula coastal plain
The Liaodong Peninsula is situated in the north of the 
straits of the Bohai Sea, between Liaodong Bay and West 
Korea Bay. 
In the western part of the Liaodong Peninsula, there is 
no record of any marine transgression during the Quater‑
nary so far, but two marine transgressive strata have been 
recognized since the Late Pleistocene in its eastern part. 
These are, in ascending order, the Cangzhou transgression 
(MTS2) and the Tianjin transgression (MTS1). The Rec-
toelphidiella, Florilus and Globigerina fauna of the pal‑
aeo‑East China Sea (Lin, 1983) appeared and disappeared 
two times in this area since the Late Pleistocene. 
Cangzhou transgression (MTS2) 
The Cangzhou transgressive stratum was only found in 
the L3 core, in Donggou County, Liaoning Province so far 
(Fig. 4). The sediments are grey or greyish brown medium 
to fine sand and silt. The lower boundary of the marine 
transgression lies at a depth of about 27 m and the top at 
about 19 m. In the section at Donggou County, Liaoning 
Province, numerous marine diatoms were discovered at a 
depth of  22.25 m in the late Late Pleistocene, i.e. Cyclotella
spp., Actinocyclus spp., and Coscinodiscus spp.. Fresh to 
brackish water diatoms, such as Epithemia sorex and Melo-
sira were also found and judging from the palaeoecological 
character of the whole diatom flora, it may be ascribed to 
the transitional zone between littoral and estuarine facies. 
The Cangzhou transgression was of limited extent in 
this area (Fig. 4). A larger marine transgression took place 
during the Holocene and was called the Tianjin transgres‑
sion (Lin, 1977; Yang and Lin, 1985). 
Tianjin transgression (MTS1) 
The Tianjin transgression was the last marine transgres‑
Fig. 16 Zhenjiang transgression (Ia) during the Boreal period (a), the border of the Zhenjiang transgression (Ib) during the Atlantic pe‑
riod (b), in the Yangtze River Delta Plain in China
Fig. 17 Zhenjiang transgression (I) during the Holocene, in Ji‑
angsu Province of South China
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sion during the Quaternary in this peninsula. The principal 
sediments of the transgression consist of dark grey, greyish 
green silty clay, with fine sand and silt. The lower bound‑
ary of the marine transgression lies at a depth of about 
15 m. The main species of foraminifers in this marine 
transgressive period are Ammonia tepida, Ammonia spp., 
Arenoparrella mexicana, Trochamina inflata and Milliam‑
mina spp., while the major marine diatoms are Coscino‑
discus spp.. Taken as a whole, the foraminiferal fauna and 
diatom flora belong to the transitional zone between lit‑
toral and estuarine facies. 
During the Tianjin transgression, the sea reached as far 
inland as 10 km from the present coastline (Fig. 4). 
3.2 Jidong coastal plain
“Ji” is a brief name for Hebei Province, and “dong” 
means east. The Jidong coastal plain is situated in the 
northeastern part of Hebei Province (Fig. 18). 
The Ammonia tepida fauna of the Palaeo‑Bohai Sea 
(Lin, 1983) appeared only once during the Quaternary in 
the area, which is referred to as the Tianjin transgression 
(MTS1). 
During the Holocene Tianjin transgression (MTS1) 
about 7-10 m thick marine sediments were deposited in 
this area, consisting of dark grey, grey and greyish yel‑
low fine sand, silt, and silty clay. The major species of 
Foraminifera are Ammonia tepida, A. annectens, A. 
rolshauseni, Elphidium advenum, Elphidium spp., Nonion
spp., Quinqueloculina spp., and Globigerinoides ruber, 
marine Ostracoda are Cyprideis sp. and Neomonocer-
atina sp.. Based on a palaeoecological interpretation of 
both assemblages of the Foraminifera and Ostracoda, the 
sea must be 0-5 m deep, i.e., belonging to the innermost 
neritic zone or lagoon. 
During this transgression (MTS1), the sea spread as far 
inland as 4 km from the present coastline (Fig. 18). 
3.3 Shandong Peninsula coastal plain
The Shandong Peninsula is situated in the eastern part 
of Shandong Province, between the Bohai Sea and the Yel‑
low Sea. 
In the northern part of the Shandong Peninsula coastal 
plain, there is no marine transgressive record from the 
Quaternary. 
While the Holocene marine transgression (MTS1) has 
been recognized in the southern part of the Shandong 
Peninsula coastal plain (Han et al., 1986), the Rectoelphi-
diella, Florilus and Globigerina fauna of the palaeo‑East 
China Sea (Lin, 1983) appeared here only once. 
Sediments of this marine transgression (Zhenjiang 
transgression [MTS1]) consist of grey, dark grey silt and 
yellowish grey fine sand. The marine transgressive stra‑
tum is about 10 m thick, with the lower boundary lying 
at a depth of 5-36 m. It contains abundant foraminifers, 
e.g. Ammonia beccarii/tepida Group, A. annectens, A.
confertitesta, Elphidium spp., E. hispidulum, Nonion spp., 
Cribrononion spp., and Stomoloculina multacula. The 
foraminiferal assemblage suggests that the sea was in the 
Fig. 18 Tianjin transgression (I) during the Holocene in the Jidong coastal plain in North China 
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innermost neritic zone. The transgression began about 
11,255 a B.P.. The coastline of the marine transgression 
extended only 2 km inland (Fig. 19). 
3.4 Zhejiang coastal plain
Four marine transgressions have been recognized since 
the late Middle Pleistocene in Zhejiang coastal plain, in 
the south of Hangzhou Bay (the areas of bedrock coast). 
These are, in ascending order, the Wangdian transgression 
(MTS4) in the late Middle Pleistocene; the Jiangyin and 
Ge Hu transgressions (MTS3 and MTS2) in the Late Pleis‑
tocene; and the Zhenjiang transgression in the Holocene 
(MTS1). The Rectoelphidiella, Florilus and Globigerina
fauna of the Palaeo‑East China Sea (Lin, 1983) appeared 
and disappeared four times since the late Middle Pleisto‑
cene in this area. 
The sequence of sediments of these marine transgressions 
is almost the same as in the Yangtze River Delta region. 
The evidence for MTS2‑MTS4 have only been found 
in a few cores in different parts of this region so far. 
Therefore, it is difficult to draw the limits of marine 
transgression until further study is carried out. For the 
Zhenjiang transgression (MTS1) there is more evidence 
gathered from numerous drill holes. The coastlines ad‑
vanced as far inland as 20 km from the present seashore 
(Fig. 20). 
3.5 Fujian coastal plain
Two marine transgressions have been recognized since 
the Late Pleistocene in the Fujian coastal plain. These 
are, in ascending order, the Fuzhou transgression (MTS2) 
in late Late Pleistocene and the Changle transgression 
(MTS1) in the Holocene (Lin, 1979a, 1979b, 1979c). The 
Asterorotalia, Pseudorotalia and Pulleniatina obiqulocul-
lata fauna of the palaeo‑South China Sea (Lin, 1983) ap‑
peared twice since the Late Pleistocene in this area. 
Fuzhou transgression (MTS2) 
The main sediments deposited during the Fuzhou trans‑
gression in the late Late Pleistocene are dark grey silty 
clay and clay. The lower boundary of the sediments lies 
at a depth of about 20 m and the thickness of the marine 
transgressive stratum is about 11-15 m. The type section is 
in F6 core, in Changle County, Fujian Province (Fig. 21). 
More than 16,000 foraminifers are found per 50 g of dry 
sample, and the species number reaches more than 300 in 
this marine transgressive stratum. The tropical‑subtropical 
Fig. 19 Zhejiang transgression (I) during the Holocene in the southern part of the Shandong Peninsula coastal plain of  North 
China (after Han et al., 1986) 
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species Group P, Pseudorotalia schroeteriana was found 
abundantly in this stratum. Shallow‑water species account 
for over 60%. Based on an ecological analysis of the fo‑
raminiferal fauna, the palaeoenvironment is defined as the 
inner neritic zone. 
During the Fuzhou transgression (MTS2) the sea invad‑
ed the land as far as about 10 km from the present coastline 
(Fig. 22). 
Changle trangression (MTS1) 
Sediments deposited during the Changle transgression 
(MTS1) in the Holocene consist largely of grey silt, yel‑
lowish grey clay and fine sand. The lower boundary occurs 
at a depth of about 5-30 m. The type section of the Changle 
transgression is located at F1 core, Changle County, Fujian 
Province (Fig. 22). The foraminifers in this transgression 
are very abundant. The tropical‑subtropical species Group 
P, Pseudorotalia schroeteriana was found abundantly in 
this stratum also. The shallow‑water species account for 
40%-80% of the total, suggesting that the sea belongs to 
the inner neritic and estuarine zones. 
The coastline of the Changle transgression advanced 20 
km inland (Fig. 21). 
3.6 Guangdong and Hainan coastal plain
Over the past few years, the authors have carried out 
detailed studies into the microfossils and the marine trans‑
gression from samples taken from 12 drill holes located 
in Guangdong and Hainan Provinces. It appeared from 
Fig. 20 Zhejiang transgression (I) during the Holocene 
in Zhejiang Province of South China 
Fig. 22 The sites at which the 
marine transgression of the Late 
Pleistocene Fuzhou transgres‑
sion (Ⅱ) was discovered in Fu‑
jian Province of South China 
Fig. 21 Changle transgression 
(I) during the Holocene in Fujian 
Province of South China
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these studies that the fauna and the sediments in the two 
marine transgressions (MTS1 and MTS2) are the same as 
in Fujian Province. Therefore, it seems more correct to 
employ the names: Fuzhou and Changle marine transgres‑
sions (MTS2 and MTS1) in Guangdong and the Hainan 
coastal plain. The Asterorotalia, Pseudorotalia and Pul-
leniatina obiqulocullata fauna of the palaeo‑South China 
Sea (Lin, 1983) appeared twice since the Late Pleistocene 
in this area. 
Fuzhou transgression (MTS2) 
Sediments of the Fuzhou transgression from the late 
Late Pleistocene in the Guangdong and Hainan coastal 
plains consist of grey, dark grey silty clay. The lower 
boundary lies at a depth of about 20-40 m, and the sedi‑
ments are about 2-15 m thick, maximum 20 m. They con‑
tain rich foraminifers, such as Ammonia beccarii/tepida 
Group, Protelphidium granosum and the marine mollusc 
Ostrea spp.. The palaeoenvironment is classified as the in‑
nermost neritic zone or estuarine facies, judging from the 
ecological parameters of the whole biota. The 14C data sug‑
gest that the transgression began about 30,000 a B.P. and 
ended about 21,000 a B.P.. 
The coastline advanced as much as 40 km inland 
(Fig. 23). 
Changle transgression (MTS1) 
During the Changle transgression, the main sediments in 
the Guangdong and Hainan coastal plains are grey, greyish 
green clay, silt and fine sand. Their lower boundary lies at a 
depth of about 5-15 m. The foraminifers are rich. The typi‑
cal warm water species Group, Asterorotalia spp., Pseudor-
otalia spp., and Cellathus spp. are found everywhere. The 
shallow‑water species account for 60%-80%. Based on a 
palaeoecological interpretation of the foraminifers, the sea 
must have been 0-10 m, maximum 20 m deep, i.e., belong‑
ing to the upper neritic zone, estuarine facies or lagoon. 
The shoreline advanced as far inland as 50 km from the 
present coast (Fig. 23). 
3.7 Western Taiwan coastal plain 
The Quaternary sediments in the Western Taiwan coastal 
plain are different from the Fujian coastal plain. There are 
continuous marine sediments from Pliocene to Pleistocene 
in the Peikang area of Yunlin County, Taiwan Province. 
The Pleistocene marine sediments, which are 686 m thick, 
were named the Chiayi Formation. The Chiayi Formation 
is rich in Foraminifera, both planktonics and benthonics, 
such as Globorotalia truncatulinoides, Globigerina inflate, 
G. subcretacea, and Neogloboquadrina pachyderma. They 
Fig. 23 Changle transgression (I) during the Holocene in Guangdong and Hainan Provinces of South China
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represent inner‑middle neritic environments. 
The deposition of the marine sediments of the Pleisto‑
cene in Western Taiwan coastal plain, probably ended dur‑
ing the lowest sea level period in the late Late Pleistocene. 
As the sea level rose, the Holocene marine transgression 
took place in certain areas of this region. For example, 
there is evidence of the Dahu transgression (MTS1) in the 
Taipei Basin. 
4 Time lag of marine transgression
As a result of climate warming the ice sheets melted 
and sea level rose. However, these did not occur synchro‑
nously at all locations. A time lag of marine transgression 
between North China and South China and between the 
present coastline and the continental shelf margin has been 
observed. 
Time lag between North China and South China 
According to 14C data the Holocene marine transgression 
(MTS1) began around 9,000 a B.P. in North China, while 
in South China, it began about 11,000 a B.P.. The time lag 
at the beginning of the Holocene marine transgression 
(MTS1) is about 2,000 a between North China and South 
China. For example, the peat (determined by the Institute 
of Geology, Academia Sinica) at the bottom of the Tianjin 
transgression (MTS1), at the Nanpaihe drill hole, in the 
Huanghua County, Hebei Province, North China, has an 
age of  8,590 ± 170 a B.P., while the bottom of the Changle 
transgression (MTS1), in F6 core, Changle County, Fujian 
Province, South China, is dated as 11,360 ± 250 a B.P.. For 
the sake of comparison it is worth remembering that the 
Holocene marine transgression began around 9,600 a B.P. 
in Southwest Scotland (Dawson, 1984). 
Time lag between the present coastline and the conti-
nental shelf 
As mentioned above, on the west bank of the Bohai 
Sea, the Tianjin transgression (MTS1) began around 9,000 
a B. P. while from the present coastline as far as 400 km 
to the H8 drill hole of the northern part of Yellow Sea, the 
Jizhoudao transgression (MTS1) started at about 12,000 a 
B.P.. Therefore, there is a time lag of about 3,000 a between 
the Tianjin transgression (MTS1) in the present coastline 
of the Bohai Sea and the Jizhoudao transgression (MTS1) 
in the continental shelf of the northern part of Yellow Sea. 
5 Correlation of marine transgressive 
strata
In the coastal areas of China, evidence of three marine 
transgressions has been discovered in the Liaohe River 
Delta (Gu and Wang, 1987), six in the North China Plain 
(Lin, 1977), and eight in the Yangtze River Delta region 
(Lin et al., 1989); while on the continental shelf of China, 
seven marine transgressive strata were recognized in the 
Bohai Sea (Huang and Cang, 1985), eight in the South Yel‑
low Sea (Zhu and Lin, 1989), and three in the East China 
Sea (Huang et al., 1984). Within each region, the marine 
transgressive strata can be easily correlated, but due to the 
absence of isotopic chronology, it is difficult to establish 
reliable correlations between the regions, until further re‑
search is carried out. 
It is also not easy to correlate the marine transgressive 
strata between the continental regions and marine areas. 
The three marine transgressive strata (MTS1, MTS2, and 
MTS3) in the East China Sea seem to be comparable with 
the three transgressions (MTS1, MTS2, and MTS3) on the 
west coast, in the Hangjiahu Plain, Zhejiang Province. 
Eight marine transgressive strata (MTS1, MTS2, MTS3, 
MTS4, MTS5, MTS6, MTS7, and MTS8) in the south Yel‑
low Sea could correlate with eight marine transgressive 
strata (MTS1, MTS2, MTS3, MTS4, MTS5, MTS6, MTS7, 
and MTS8) in its west seashore, in the Yangtze River Delta 
region. The thickness of the non‑marine strata at QC2 core 
in the south Yellow Sea is much smaller than the non‑ma‑
rine strata in the Yangtze River Delta region, and MTS4 rest 
parallel‑unconformably on MTS5, due to erosion. 
It is most difficult to correlate the marine transgressive 
strata between the Bohai Sea and its west coast area, but 
the two marine transgressive strata MTS1 and MTS2 in 
both areas make comparison possible. 
For the same reason, as mentioned above, the correla‑
tion of marine transgressions between China and the rest 
of the world is also very difficult. For example, several 
late Quaternary marine transgressions have been found on 
the Carnarvon continental shelf, western Australia (Nichol 
and Brooke, 2011), some late Quaternary marine trans‑
gressions are preserved in the coastal area of Argentina 
(Giagante et al., 2011), four marine transgressions have 
been recognized from the Late Pleistocene to Holocene 
in Prudhoe Bay, Alaska (McDougall et al., 1986), several 
marine transgressive records are preserved in the Quater‑
nary stratum, in the Central Albemarle Embayment, North 
Carolina, USA (Culver et al., 2011), and multiple trans‑
gressions occurred in the coastal plain of the United States 
during the Quaternary (Muhs et al., 2003), but it is not 
easy to make comparisons with them. 
 The Tianjin transgression in the North China Plain, the 
Zhenjiang transgression in the Yangtze River Delta region, 
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and the Changle transgression in South China, which rep‑
resent the first marine transgressive stratum (MTS1) in 
China, are comparable with the Flandrian marine trans‑
gression in Europe and with the Holocene marine trans‑
gression in Japan, all of them correlate with isotope stage 
1 (Lin, 1977, 1979a, 1979b, 1979c, 1983, 1986; Korotkii, 
1985; Lin et al., 1989). 
The Cangzhou transgression in the North China Plain, 
the Ge Hu transgression in the Yangtze River Delta region, 
and the Fuzhou transgression in South China, correspond‑
ing to the second marine transgressive stratum (MTS2) in 
China, may be related to the high sea level stage between 
0.02 Ma and 0.04 Ma in Japan and in New Guinea, and 
correlate with isotope stage 3 (Lin, 1977, 1979a, 1979b, 
1979c, 1983, 1986; Korotkii, 1985; Lin et al., 1989).
The high sea levels generally dated between 75,000 a 
B.P. and 115,000 a B.P. and correlated with isotope sub‑
stages 5a and 5c in Queensland, Australia (230Th/234U age). 
In western Europe, the maximum marine transgression (the 
Eemian marine deposits, in which huge numbers of fora‑
minifers were found by the authors; Lin, 1983) is generally 
believed to correspond to isotope stage 5e (García‑García 
et al., 2005). 
From the palaeomagnetic data mentioned above, the 
time interval of the Baiyangdian transgression in the North 
China Plain and the Jiangyin transgression in the Yangtze 
River Delta region, represented by the third marine trans‑
gressive stratum (MTS3) in China, between 0.07 Ma and 
0.10 Ma, corresponds most probably to the isotope stage 5 
(Lin, 1977, 1979a, 1979b, 1979c, 1983, 1986, 1991; Lin et
al., 1989; Korotkii, 1985) (Fig. 3). 
However, we believe that four marine transgressions 
have taken place, since the end of the Middle Pleistocene, 
and that these four marine transgressions (MTS1, MTS2, 
MTS3, and MTS4) could be correlated between the North 
China Plain and the Yangtze River Delta Plain (Lin, 1977, 
Table 1 Comparison of marine transgression strata in China
Time
North China
(Lin, 1977)
Yangtze River Delta region
(Lin et al., 1989)
South China
(Lin, 1979a, 1979c)
Holocene Tianjin transgression Zhenjiang transgression Changle transgression
Late Pleistocene
Regression
Cangzhou transgression
Regression
Baiyangdian transgression
Regression
Ge Hu transgression
Regression
Jiangyin transgression
Regression
Fuzhou transgression
Regression
Middle Pleistocene
Regression
Huanghua transgression
Regression
Wangdian transgression
Fig. 24 Correlation of marine transgression strata of the standard drill holes since the Middle Pleistocene in China
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1979a, 1979b, 1979c, 1983, 1986; Lin et al., 1989) (Table 
1, Fig. 24). 
6 The coast line during the maximum 
regression in the Latest Pleistocene
Much evidence for the coastline, in the form of peat 
and shell banks has been found around the line of break 
of the Chinese continental shelf, at a water depth of about 
150-160 m, during 18,000-15,000 a B.P.. Therefore, the 
coast line is roughly situated at the line of the shelf break 
during the maximum regression in the latest Pleistocene, 
reaching as far as 600 km east of Shanghai City (Geng, 
1987) (Fig. 25). 
Fig. 25 The coast line during the maximum regression in the 
latest Pleistocene (data from Geng, 1987) 
7 Conclusions
Eight marine transgressions took place in the great plain 
regions, and two in the coastal plain (bedrock coast) areas 
during the Quaternary in China. 
The intervals between marine transgressions have be‑
come progressively shorter with time and moreover the 
younger transgressions were generally more extensive. 
The study identified four flood event strata in the great 
plain regions and two in the coastal plain (bedrock coast) 
areas since the Middle Pleistocene. 
A time lag in marine transgression occurred between 
North China and South China and between the present 
coast and continental shelf. 
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